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COKT-CT 0 9 J E C T I V E S  

The prime ob jec t ive  of t h i s  c o n t r a c t  i s  t o  p r o v e  

t h e  f e a s i b i l i t y  of f o r m i n g  a n  e n t i r e  s u b s y s t e m  on a s i n g l e  

s i l i c o n  s l i c e  or on  a s  few c h i F s  a s  poss ib le .  The sub- 

s y s t e m  c h o s e n  f c r  t h e  p r o g r a m  i s  t h e  d i g i t a l  p o r t i o n  of 

a pcwer s u p p l y  s y n c h r o n i z e r .  The i n p u t  t o  t h e  s y n c h r o n i z e r  

i s  a 38 .4  KC sG*Jare  wave of 3 t o  5 V  p e a k  t o  p e a k ,  capable of 

s w i t c h i n g  3na. 

n u n h e r  o n e  w i l l  be a 2 . 4  KC sqcare  wave a t  a n o r n a l  a m p l i t c d e  

of 5 . 5 V  p e a k  t o  p e a k  c a p a b l e  of s w i t c h i n g  a lema c u r r e n t :  

numbers  t w o ,  t h r e e  a n d  f o u r  w i l l  be t h e  t h r e e  p h a s e s  of a 

t h r e e  p h a s e  400 c y c l e  s q - J a r e  wave a n d  a r e  t o  be c a p a b l e  of 

s w i t c h i n g  a 5OV p e a k  t o  peak s i g n a l  t o  a n  8 . 2 K  l o a d  f rom a 

52V power s u p p l y .  

. 

The s y n c h r o n i z e r  w i l l  h a v e  f o u r  o u t p u t s :  

T h i s  p r o g r a m  is a j o i ~ t  e f f o r t ,  i n  t h a t  p o r t i o n s  of t h e  

a c t u a l  d e s i c n  a s  w e l l  a s  new t e c h i q u e s  .r;hich a r e  F r o p r i e t a r y  

i n  n a t u r e  a r e  b e i n 9  f u n d e d  b y  w e s t i n g h o u s e .  J P L  is s u p p o r t i n g  

t h e  e f f o r t  t o  a d a F t  t h e  d e s i s n s  a n d  t e c h n i q u e s  t o  t h e i r  s p e c i f i c  

a F p l i c a t l o n .  
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The a;iproach t o  t h e  Froblern  i s  t o  f o r m  t h e  sirn2lest 

poss ib le  logic c o n f i 5 u r a t ; o n  w h i c h  c a n  r e l i a b l y  produce  

the  d e s i r e d  s i g n a l s  f r o ?  a s i r , j l e  t > ? e  of l q i c  c i r c u i t ,  

i n  t h i s  c a s e  a SAIL?) g a t e ,  aEd t o  f c r s  t h e s e  w i t h  t h e  

n e c e s s a r y  i n t e r c c n n e c t i n q  F a t t e r n s  o n  a s i n g l e  silicon 

x a f e r .  F c r  d i s s i p a t i o n  reasons t h i s  w a f e r  w i l l  be r u n  

frcrn a l o w  v o l t a c j e  power s ~ p p l y .  

s l i c e  w i l l  h a v e  t h e  t h r e e  F;hase c ~ t F . 2 : t  s w i t c h e s  fo rmed  on 

i t  ar,d will be ci:er-ated f r c r ,  t h e  5 2 V  ?mer s u p p l y .  Logic 

G a t e s  o f  t h e  t y p e  reqcirc-d a r e  zcx t e i x j  f 3 b r i c a t e d  on a 

p i l o t  l i z e .  T 3 e r c  d e v i c e s  a r e  fc r - .cd  on a 7 / 8 "  d i a m e t e r  

silicon wafer, a F o r t i o r ,  cf K?.ic>,  i-eas;;;rinS - 5 5 "  x . 4 " ,  

c c n t a i r s  ~ R C - L ~ ? ;  g a t e s  t o  Ferfcr-rn the l o g i c  r e q i : l r e d .  The 

r e n a i r i n g  a r e a  t c  r a k e  a sqcare  - 5 5 "  x - 5 5 "  w i l l  be c s e d  

t o  r.c-dzt t h e   chi^ or  ch i~ :~s  c o n t a i x i ~ g  t h e  t h r e e  2 h a s e  o u t p u t  

sNi tches .  

A s e c o n d  and n-Jch s r r . a l l e r  
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The p r o j e c t  hais been s - ;Sd iv lded  i r . t c  t h e  follow- 

i n 3  s u b  p ro j ec t s :  

T '  - c g i c  d e r i J r ?  and c o z f i r m a t i o n .  

I n t e r c c : , n e c t i o n  p a t t e r n  d e s i g n .  

I x t e r c c n n c c t i o n  rr.etl-.cd desi3n and d e v e l c p m e n t .  

O d t p a t  s w i t ~ h  [called r , c n - l i n e a r  l o a d  s w i t c h )  
e l e c t r i c a l  ar,d d e v i c e  d e s i g n .  

P a c k a q i n g  d e s i g n .  

P a r t i a l  s y s t c r  f 2 b r i c a t i o z .  

O v e r a l l  s y s t e m  f a b r i c a t i o n .  

F E E T  C!iaGrar i n  F i g u r e  1 shm,s t h e s e  a r e a s  a n d  

t i i r e  c s t l r r a t e s  a s  of 1 A;.;:st, 1362. F:-;ure 2 IS a 

t a k ] . ~ l a t : o n  o f  Fath 1 e n ; t h s  f r c n ;  t h i s  c h a r t .  

- 3 -  
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>.e f i n a l  l03:c design 1s shcwr,  ir. ?-3-:re 3 ar.d 

c o n s i s t s  cf  f i v e  stages cf 3 C c c : p l e d  Yi r i a ry  c o x n t e r s ,  

each st.:.,ge ~ s ~ r . 3  six SW.3 J a t e s ,  a t h r e e  p h a s e  gene ra to r  

u s i n 3  t w e l v e  XAXD g a t e s ,  a n  c.;tpA:t 5 , f f e r  us i r . 3  a s i n g l e  

NAhT g a t e  a n d  t h e  t h r e e  hi3h v o l t a g e  0,tp-t s w i t c h e s  

w h i c h  are a PXP-SPN c o r h i n a t l o n .  

T h i s  e n t i r e  l q i c  a r r a n z e r n e n t  h a s  been b r e a d b c 3 r d e d  

u s i q  c o n v e n t i o n a l  ccrponcr-ts ar,d t k e  p c r t 1 o r . a  (a ;  1 e x c e p t  

t h e  c u t p j t  s w i t c h e s j  i o z ~ c d  w i t h  KALD g a t e s  h a v e  b e e n  

a s s e r r b l e d  w i t h  W e s t  i n g h c - i s e  p13r,2r do. ;ble  gXAh3 g a t e s .  

p ic t - i re  of t h e  l a t t e r  s y s t e m  is shc:%,f: i n  F13';re 4 ar.d wave 

f o r m  f r o m  t-he 2 4 KZ a n d  t15e t h r e e  i - k a s e  c d t p L t s  a s  pre- 

s e n t e d  OR a f c s r  trace c s z i 1 ; i s c c ; e  a r e  s h w n  i n  F i g u r e  5 .  

A 
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Z n t e r c c n n e c t i x 3  the  Sh5.3 g s t e s  CT, a s : r . ? l e  w a f e r  

w i  11 'De accc-p; I s h e d  by ev;l;Jl-rat :r.3 2 1,,r>:- A -  F 3 t t e r r . s  II 

D e s i g n l x g  t h e r e  p a t t e r n s  i s  s : ~ : l ? ~ r  t o  de?iJ r - :? .g  p r i n t e d  

c i r c u i t  p?'-tterr-s w i t h  t c - e  a d d e d  r e s t r i c t i o n s  i n  r o . J t i n g  

a n d  w i t h  c r u ' s s - o v e r  points b e i r j  I l r r : t ed  t_=: c e r t a i n  specific 

places  o n  t h e  w a f e r .  

The ; = r e s e r , t  d e s i j n  C C ? . ~ . ; S ~ S  cf fc,r d:ff-;sed cross- 

over p a t t e r n s  a s s c c l a t c d  w r t k  e3.zh dc..>le !;Al.;T) 33 te  p a t t e r n  

l o c a t e d  ir! t h e  .area 't.c-twecn t h e  3a:es. ',See Fi3.1:re 6 )  

A L a s i c  i , - t c rcc~; : rcc t i ;= r ,  ~ 2 t t e r n  ?-.as Seer. des:gned 

w h i c h  f n r r s  a D . 2 .  cr;?,ZeG Yl -3z -y  cc..r,ter fro- three d c , b l e  

X4hO g a t e s  !see F i g - ~ r e  8 : .  The logic f3r tk:s p a t t e r n  i s  

shown i n  F i g u r e  7 .  

I t  w i l l  be xoteci  :?at ::,e t h r c e  : , -A le  KA?;D ; a t c s  d s e d  

a re  l o c a t e d  one a b o v e  the c t k e r  3r.d t h e  i r2 , t  t o  t he  co*L:r,ter 

a n d  cu t ; ;u t  f ro?  t h e  r o ~ - t e r  3 r e  so 1t:z-3t~C: +-?-.at 2 , t t i r . g  down 

i d e n t i c a l  p a t t e r n s  cr. a c i l 3 c c n t  r p w s  =cr . r , ec t s  t he  b i n a r y  

c o u n t e r s  t o g e t h e r  wi :1 pel- :t t F . e  1; '16 c c , r , t e r  p a t t e r n  

nasks t o  be r a i e  w;th a c o ? v ~ n : - c ~ ~ l  r t e p  a-,d r e p e a t  canera 

s e t u p .  

. 
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A p a c k a g e  s i m i l a r  to t 5 a t  shew? 12 Yi3-x -e  12 

h a s  b e e n  p r o p o s e d .  The n a i n  f e a t . J r e  of t h i s  d e s i g n  i s  

t h e  h a r d  b r a z e d  tu . - . , - s ten  s- :Sstrate ,  tc w h i c h  t h e  &:p 

will be a l l o y e d .  I n  t h i s  way w e  hope t o  prov:de a t h e r m a l  

match a n d  a t  t h e  same t i n e  p r o v i d e  a very e x c e l ' _ c n t  he3t  

sink. The d e s i g n  of e x s e r i - e : . t a l  h e a d e r s  for t h i s  p3ckage 

i s  complete a n d  n a t e r i a l s  a r e  on  o r d e r .  The d e s i 3 n  of t h e  

j i g s  for f u s i n g  t h e  h e a d e r  i s  3 1 s  cor?le-te 3r.d t h e  j i 3 s  

a r e  o n  o r d e r .  Lead  r a t e r i a i ,  g l a s s  p r e f o r - s  ~ c l d  s l a t e d  

k o v a r  a n d  c u t  t o  size t . ~ ; n , - s t e n  kave beer, r e c e i v e d  3nd t he  

t u n c s t e n  h a s  b e e n  s e c t  o ' i t  fer s o l d  E l ? i t i r ;  3rd g o i d  silicon 

c l a d d i n g .  The d i e  a t t a c h  p l a t f c r r r :  i s  be;-..J d e s i j : ; e d .  When 

a l l  r . a t e r i a 1  a n d  jiij7s a r e  a v z i i l a b l e ,  c a r p 1 e  ~ 3 ~ 4 3 3 ~ s  w i l l  be 

a s s e T b l e d  w i t h  d c z n y  d i c e  3r.d t h e s e  w i l l  Se ev ; l ; ; a t ed  fcr 

their a b i l i t y  t o  m e e t  tF,e e r v i r c r z e n t a l  s p e c i f i c a t i c - s ,  

1 

i 
i 

I 
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